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Purpose/Objective: In radiosurgery and radiotherapy an 
accurate delimitation of lesions is required. It is necessary to 
avoid treatments with an inadequate dosing. To get a 
satisfactory delineation, different imaging techniques (PET, 
MR, CT) are used. In this work, we proposed a new method of 
decision aid, based on improving of display of images and an 
automatic objet contour delineation to be used in the tumor 
lesion definition. The suggested technique is based on 
directional fractal filtering, so the image original histogram is 
not modified.  
Materials and Methods: Image acquisition has been done 
using a PET/CT Discovery LS hybrid equipment (SIEMENS 
Biograph 6). PET/CT studies have been made on a PET 
phantom and five patients with hepatic lesions using routine 
acquisition image procedures. ImageJ software has been used 
to analyze the medical images. The different steps that 
define the proposed segmentation process were developed 
and tested in a PET phantom study that contain different 
spheres of known sizes (IEC Body Phantom 2001 of Nema). 
The procedure has been translated on patients and studied in 
front of the lesion delineated by the nuclear medicine 
specialists.  
The proposed image processing method works as follows: 
(i) Zoom the region of interest of the image around the 
hepatic. 
(ii) Use a complete set of fractal filters to denoise and 
reduce image pixilation.  
(iii) Duplicate the resulting image and calculate the gamma 
with a 2.2 value of the first image and the gamma with a 2.8 
value of the second one to improve the visualization.  
(iv) Apply the logical operation XOR between both images to 
combine and create gray level surfaces. 
Results: Hepatic tumor delineation in a PET image, based on 
directional fractal filtering, allows a more accurate 
determination of the shape and size of the lesion. Fractal 
convolution enhances their features without alter the original 
image data. The result of these operations is a set of 
grayscale level areas that allow observing the limits of the 
contours without the normal blurring. Selecting the correct 
level is a matter of expertise in hands of the clinician. 
 
 
Figure 1 shows: Upper left (UL) original image after PET-CT 
processing, upper right (UR) drawing of the nuclear medicine 
specialist, down left (DL) image after fractal procedure 
processing and down right (DR) comparison between (UR) and 
(DL) resized.Please note that UL and UR are DICOMPYLER 
viewer plots and DL and DR are ImageJ ones. 
 
Conclusions: The segmentation based on directional fractal 
filtering in PET images allows enhanced viewing of hepatic 
lesions, allowing unambiguous delineation. This procedure 
can be applied to any other lesion location.  
The differences between clinician and proposed method can 
reach as much 45% in volume showing the huge importance of 
a suitable delineation due to this excess of healthy tissue can 
be affected for undesired treatment radiation. 
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Purpose/Objective: Definition of tumour boundaries is a 
critical step in Radiotherapy treatment planning. Tumour 
delineation is usually performed with the anatomical 
information provided by Computed Tomography (CT). 
However, it has been recommended to use functional 
Positron Emission Tomography (PET) images to take into 
account the biological target characteristics. In our 
institution the identification of the gross tumour volume 
(GTV) for treatment planning relies on an automatic 
segmentation of PET images using an adaptive thresholding 
method based on tumor/background ratios.  
Aims. To assess the accuracy of the segmentation method of 
PET images for tumor volumes definition on varying different 
parameters 
Materials and Methods: A phantom study was performed on a 
PET/CT system (DISCOVERY TM 710, GE Healthcare) using the 
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IEC Image Quality Phantom with spheres filled with different 
spheres/background activity ratios. An adaptive thresholding 
method based on signal/background ratio was used to 
delineate sphere volumes. The results of the phantom study 
were extended to clinical PET studies (25 patients with head 
and neck disease) obtaining the GTVs that were subsequently 
compared to the CT/GTV 
Results: There is a linear relationship between the thresholds 
and sphere volumes up to 2.5 mL. For smaller volumes the 
thresholds increase exponentially. The thresholds do not 
depend on the acquisition time but depend on sphere 
volumes, signal/background ratio and smoothing filter. SUV is 
correctly quantified for volumes up to 2.5 mL while for 
smaller dimensions the SUV values are underestimated up to 
80%. For all patients CT/GTVs were modified including PET 
information. CTV_PET overlaps the CTV_CT in almost all 
patients (CTV_overlap fraction is 0.996) while PET 
significantly influences the GTV definition as it is confirmed 
by the high fraction of GTV_mismatch (0.41) 
Conclusions: Lesion segmentation of PET images relying on 
an adaptive thresholding method may be useful for a correct 
tumour definition. However this method may provide 
unreliable results for volume less than 2.5 mL. The definition 
of GTV including PET information can significantly change the 
Radiotherapy treatment planning. 
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Purpose/Objective: To determine the reproducibility of the 
heart location during Deep Inspiration Breath Hold (DIBH) for 
radiotherapy of left sided breast cancer patients. 
Materials and Methods: A total of 5 left sided breast cancer 
patients were imaged for three fractions using a Philips Big 
Bore CT with a fast low dose axial 3D CT protocol. A body 
surface laser scanning system (C-rad Sentinel) produced the 
respiratory signal by detecting a point at the thorax of the 
patient through illumination of the patient skin by a scanned 
laser beam and extracting the room coordinates by optical 
triangulation. The detection point was located just cranially 
from the Xiphoideus process. The patients were guided to 
take a deep breath and hold it as visualized in a patient-
specific gating window for 15 seconds followed by 15 seconds 
free breathing. This was repeated 12 times in order to 
simulate a typical time for treatment delivery for a static 
field breast treatment plan. For each fraction, four different 
DIBH sessions was imaged with five fast axial CT-images in a 
burst. The imaging frequency was two images per second 
which increase the chances to image the patient with the 
heart in different phases of the heart cycle. Each axial image 
was captured during 0.3 seconds. During each burst it was 
assumed that the position of the heart edge only is 
influenced by the intrinsic heart movement, i.e. the lung 
edge position, air pressure and mechanical stretching in the 
thorax were all assumed to be constant during this time 
interval. The internal position of the edge of the heart and 
thorax was determined by means of a geometrical 
construction aiming to yield the distance perpendicular to 
the axis of the opposing beam. The standard deviations of the 
heart and lung position were determined by analyzing the 
data. 
Results: Four patient managed to have a gating window of 3 
mm (±1.5 mm) and two (patient 3 and 4) needed 4 mm (±2 
mm) gating window. The resulting standard deviations are 
presented in the table below where Sigma_Heart_Intra is the 
variation in heart edge position due to intrinsic heart motion, 
and Sigma_Heart_Inter is the variation in heart edge position 
due to different lung fillings. Sigma_Lung_Intra gives the real 
variation of the lung edge positions during the bursts and 
Sigma_Lung_Inter gives the standard deviation for position 
displacement between DIBH-sessions. 
Pa
t 
Sigma_Heart_I
ntra 
(mm) 
Sigma_Heart_I
nter 
(mm) 
Sigma_Lung_I
ntra 
(mm) 
Sigma_Lung_I
nter 
(mm) 
1 1.0 1.7 0.2 1.6 
2 0.9 2.4 0.5 1.6 
3 1.3 2.1 0.5 1.3 
4 1.7 1.9 0.7 1.0 
5 1.0 3.8 0.6 1.7 
 
Conclusions In general, the reproducibility in heart edge 
position between DIBH´s is about ±4-8 mm (2 SD) and the 
variation in lung edge is about ±2-3 mm (2 SD). During each 
DIBH the variation it is about half that of the variation in 
between the DIPH sessions. The effect of breathing method 
(abdomen or thoracic inhalation) is under investigation in 
order to determine the use of two gating points. 
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Purpose/Objective: Neoadjuvant radiotherapy (NeoRT) 
improves tumor local control and tumor resection in many 
cancers. The timing between the end of the NeoRT and 
surgery is driven by the occurrence of side effects or the 
tumor downsizing. Some studies demonstrated that the 
timing of surgery and the RT schedule could influence tumor 
dissemination and subsequently patient overall survival. Our 
aim is to evaluate with functional MRI the impact of the 
radiation treatment on the tumor microenvironment and 
subsequently to determine the best timing to perform surgery 
for avoiding tumor spreading. 
Materials and Methods: We used a model of NeoRT, murine 
mammary carcinoma 4T1 cells were implanted in the flank of 
BalbC mice. Seven days after cell injection, tumors were 
